Introduction
Endoscopic mucosal resection (EMR) is an important method of diagnosing and managing precancerous and early cancerous lesions of the esophagus, stomach, and colon [1] [2] [3] . It is being increasingly used in North America and Europe. It allows for complete resection of large, sessile lesions confined to the mucosa, as well as lesions with minute submucosal invasion, avoiding the need for surgical resection and its associated increased risk of morbidity and mortality. The additional benefit of retrieving the resected specimen during EMR allows for accurate staging of tumor depth, tissue histology, and assessment of completeness of resection [3, 4] .
The technique of EMR using "lift and cut" was originally described in the colon in 1973 [5] . However, its refinement for use in the upper gastrointestinal tract, especially for the management of early gastric cancer, was not described until later [6, 7] . Saline or a combination of saline and epinephrine solution is injected into the submucosal area beneath the lesion to separate it from the muscularis propria. A tamponade effect provided by the injection also protects the underlying tissue from thermal injury, perforation, and bleeding. The lesion is then ensnared by the placement of a snare at its base and resected whole or piecemeal using electrocautery. However, this technique is often cumbersome and technically difficult to perform. It may be necessary to lift the lesion with a forceps before it can be encircled completely with the snare. These features of this technique make the procedure extremely difficult to perform in certain anatomic locations and may cause it to be time-consuming, requiring the assistance of a skilled assistant [8] .
Abstract
Background. Endoscopic mucosal resection using a cap-fitted endoscope (EMRC) has been proposed to be significantly better and safer for tissue resection compared with standard snare EMR. However, there are no valid animal or clinical data to support this. We aimed to compare EMRC with standard snare EMR in a porcine model with respect to tissue resected, ease of procedure, and degree of diathermic injury to the resected specimen. Methods. Gastric EMRs were randomly performed in pigs using a variety of techniques, including EMRC (14 mm and 17-mm cap) and the standard snare technique, using a singlechannel method without a grasping forceps. Geometric and histological assessment of the resection specimen for size, histological depth, and diathermic injury were performed by a single pathologist, blinded to the endoscopic techniques used. Results. Thirty-six gastric mucosal resections were randomly performed in three pigs. Use of EMRC resulted in a statistically significant greater resection specimen by weight, size, and histological depth compared with standard EMR (P < 0.04). Large-cap EMRC resulted in a statistically significant greater resection weight and size compared to small-cap EMRC (P < 0.05). There was a statistically significant greater degree of diathermic injury in the specimens resected using the standard snare EMR technique compared with EMRC (P < 0.006). There were no acute complications with either technique. Endoscopic mucosal resection using a cap-fitted endoscope (EMRC) was first described in 1993 [3, [9] [10] [11] [12] [13] [14] . EMRC uses a small, translucent plastic device similar to a band-ligation cap, which fits firmly over the tip of the endoscope. The cap has a shallow circumferential lip on the inside in which the snare can be prelooped. The target lesion, similarly to the procedure for standard EMR, is lifted from the underlying tissue, using a submucosal injection of saline. The lesion is suctioned into the cap and the prelooped snare is tightened. The lesion is then resected with the aid of electrocautery. EMRC has many potential benefits. It is easier to target the lesion and so may be useful in anatomically difficult positions. It may also increase the depth of tissue resected and decrease the risk of perforation by suctioning the mucosa away from the muscularis propria and thereby making the procedure safer. Several types of EMRC caps exist, including straight and angled tip. Descriptions of large-scale experience with the EMRC technique has been limited to publications from Japan. In a review of gastric EMR for early gastric cancer, only two of eight large series utilized EMRC [15] . EMRC is approved for use in the United States, but its use has remained limited.
Conclusion
There have been few studies comparing standard snare EMR with EMRC. An animal model study comparing gastric standard snare EMR with standard cap EMRC did not show a significant difference between the two techniques in terms of size of resected specimen or depth of resection [16] . However, EMRC was significantly easier (based on a nonvalidated "ease-ofprocedure" score) to perform than standard snare EMR. A single standard cap size (14-mm outer diameter) was used in that study and no pathologic assessment of tissue injury was made. Furthermore, no randomization process was done and the standard EMRs and EMRCs were performed in completely separate sets of animals [16] . One clinical series comparing a variation of EMRC (known as endoscopic aspiration mucosectomy) with standard EMR for the treatment of early gastric mucosal cancer showed a significant increase in the mean longest diameter of the resected specimen with the EMRC compared with standard EMR biopsy, although there was no comparison of the histological depth of the resected specimen [17] . This series was a retrospective review involving several endoscopists without formal prospective evaluation of the resected specimens [18] . Again, no randomization process was employed and two separate patient groups were compared [18] .
Our study prospectively compared EMRC (small and large cap) to standard EMR, using a live gastric porcine model. The size of the resected specimen, the degree of tissue injury, the ease of use, and complications were compared.
Methods
A live porcine animal model was used in the study, which was approved by the institutional subcommittee on animal research care of the Massachusetts General Hospital. Three fasting Yorkshire swine (40.0 to 55.0 kg) were used. All procedures were performed under general anesthesia using halothane (1% to 2%) through an endotracheal tube with 100% oxygen as the carrier. An experienced veterinarian assistant administered the anesthesia and carefully monitored the animals during the procedure. Cardiac and respiratory parameters were monitored throughout the procedures. EMRC or standard EMR procedures were performed in each animal, using a randomization process that involved random selection of a sealed envelope which contained information on the type of gastric EMR (standard, small cap, or large cap) and the location (gastric body or antrum).
Under direct endoscopic visualization (Pentax Precision Instruments, Orangeburg, NY, USA), 10 ml of a saline solution (20 ml of saline, 3 ml of methylene blue, and 1 ml of a 1 : 10 000 solution of epinephrine) were injected submucosally to elevate the mucosa and separate it from the underlying muscularis propria. In standard EMR, the previously raised bleb was encircled and tightened using a snare (Acusnare; Wilson Cook, Winston, NC, USA). A grasping forceps was not used to pull the tissue through the open snare. The specimen was then resected electrosurgically with a setting of 25-W cutting mode (Valley Lab, Boulder, CO, USA) and recovered by grasping it with either a snare or forceps while withdrawing the endoscope. EMRC was performed using either a 14-mm (small cap) or a 17-mm (large cap) outer diameter clear straight-tip cap device (D-402-13212; MH 567; Olympus America, Melville, NY, USA) prelooped with a disposable crescent snare (SD-221L-25; Olympus America) and fitted over the tip of the endoscope. This required removal of the endoscope after the initial survey and re-introduction after attachment to the EMRC apparatus. The previously created bleb was suctioned into the cap and resected using an electrical surgical generator set at 25-W cutting mode (Valley Lab) (Fig. 1) . Suction was maintained and the specimen was recovered after removal of the endoscope and attached cap.
We assessed each resection with respect to time required for resection, weight, dimensions, and immediate complications. Time was assessed from the initial submucosal injection to the retrieval of the resected specimen and was recorded in minutes. Each resection site was carefully examined for obvious signs of perforation or bleeding for a minimum of 5 min.
The weight (g) and largest diameter (mm) of each individual specimen was measured prior to fixing and histological evaluation. The recovered resection specimens were examined histologically for the maximum depth and level of tissue removed and the degree of cautery effect. Histological depth was classified as only mucosal, shallow submucosal, and deep submucosal (Fig. 2) . The degree of cautery effect was calculated as a percentage of the entire thickness of the resected specimen (Fig. 3). A single pathologist (G.Y.L.) , who was blinded to the endoscopic resection technique used, completed the histological assessment of the resected specimen. Values for all results are expressed as means ± SEM. Statistical analysis was performed using analysis of variance (ANOVA) for multiple comparisons. Apriori power calculations showed that a sample size of 36 (12 in each group) would be needed for a power of 80% and a significance level of 0.05.
The animals were carefully monitored during each procedure for behavioral signs of distress. After the experiments, the animals were killed humanely using pentobarbital overdoses. Any identifiable resection site was examined postmortem, grossly and microscopically, for evidence of perforation or hemorrhage.
Results
Three pigs were randomized to undergo gastric EMR of either the gastric antrum or gastric body by EMRC (with both small and large cap) or standard EMR. The randomization process was successful and each pig had equivalent numbers of large-cap, standard-cap, and standard-snare EMR techniques performed by a single operator. There were no complications such as perforation or bleeding associated with the EMRs performed. All animals were killed after the experiment without any signs of distress. All 36 resection specimens were retrieved. The characteristics of the resection techniques are shown in Table 1 .
Large-cap EMRC provided a statistically larger resection specimen (as assessed by weight and maximum diameter) than either the small-cap EMR or the standard EMR. Similarly, small-cap EMRC resulted in a statistically significant larger resection specimen than standard EMR. There was no statistically significant difference in procedure time between any of the three types of EMR resection. There were no immediate complications associated with gastric EMR using either the large-, or small-cap EMRC or standard EMR (Table 1) . No deep submucosa was identified in any standard EMR resection specimen. Overall, 50% of standard EMR resection specimens contained only mucosa, and the remaining 50% contained only superficial submucosa. This is in contrast to the small-cap EMR resection specimens, of which 33% had evidence of superficial submucosa, with 58% also having evidence of deep submucosal involvement. This difference was statistically significant when compared with the standard EMR technique (58% vs 0%; P < 0.006). Likewise, the largecap EMR resection specimens contained superficial submucosa and deep submucosa in 25% and 69% of cases, respectively. There was no statistically significant difference of histological involvement between the small-cap EMRC and the large-cap EMRC resection specimens (Table 2) .
When the degree of diathermic injury was assessed, there was statistically significant greater diathermic injury in the standard EMR resection specimen when compared with either the small EMR cap or the large EMR cap (P < 0.006). Diathermic injury was independent of the size of the resection specimen. 
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Fig. 3A,B. Assessment of diathermic injury of gastric EMR resection specimens. A Minimal diathermic injury (15%). B Maximum diathermic injury (100%). H&E, ×40
Discussion
The use of EMRC provided a larger resection specimen when compared with a standard EMR snare technique when assessed using two parameters: weight and maximum dimension. Furthermore, use of a larger cap (17-mm outer diameter) resulted in a statistically significant greater resection specimen compared with use of the smaller cap (outer diameter 14 mm). Since en-bloc resection of a mucosal lesion is preferred over piecemeal resection, especially when further pathologic assessment of depth of invasion and margin involvement is planned, the ability and increased likelihood of EMRC resecting larger pieces of mucosa during a single endoscopic mucosal resection is an important benefit over a standard EMR technique. Although the larger cap is currently only suitable for use in the colon in humans, due to its size and the discomfort and risk associated with esophageal passage, the development of a new flexible larger cap (XB01-740-503; Olympus Endotherapy, Olympus America, Melville, NY, USA) may allow for use in the upper gastrointestinal tract with improved EMR results. Although perceived as more cumbersome and requiring greater expertise, EMRC did not take longer than standard EMR using a regular snare in this singleoperator series. In fact, standard EMR is often prolonged by the inability of the snare to readily entrap the mucosa (which happened often during our study) and difficulty in easily retrieving the resected specimen. This downside to the use of regular snares during standard EMR may be improved through the use of either spiked snares or stiffer snares. Furthermore, the use of a blunt "grasping" forceps to grab and tent the mucosa may improve the ability of standard EMR. This technique, however, requires the use of a dual-channel endoscope, as well as a second operator. These additional techniques were not formally evaluated during this study.
Gastric EMRC and standard snare EMR are safe techniques. During a total of 36 gastric mucosal resections, there was no evidence of immediate bleeding or perforation. Subsequent pathologic postmortem examination of the resected stomachs confirmed the absence of any perforation. Further survival animal studies would be necessary to study delayed complications such as bleeding.
The use of EMRC resulted in deeper histological resection. When comparing a standard EMR with a small-cap EMRC, no deep submucosa was resected using the standard EMR. However, up to 60% of small-cap EMR resection specimens included deep submucosa. This difference was statistically significant. Interestingly, however, although use of the large-cap EMR resulted in a significantly greater resection specimen (by both weight and maximum dimension), it did not result in a statistically significant deeper histological involvement when compared with the small-cap EMR. The use of suction probably explains why EMRC results in greater resected depth when compared with standard EMR. Again, it is possible the use of a "grabbing" forceps in combination with a standard EMR may result in greater resection depth, but this has not been formally tested. Although most gastric lesions requiring endoscopic resection are confined to the mucosa, occasionally, small lesions with minute submucosal penetration may benefit from EMR [19] . Hence, a technique that consistently and reliably results in a resection of deeper parts of the submucosa would result in a greater chance of a successful EMR. Furthermore, as endoscopic ultrasound and high-frequency ultrasound preresection staging is not 100% accurate, the use of a technique that results in a deeper histological layer analysis would be essential to ensure complete resection.
As full and complete histological evaluation of the resected specimen for depth of involvement, as well as margin involvement, is necessary to dictate further clinical management and offer longterm prognosis, it is important to avoid excessive tissue injury to the resected specimen. The use of EMRC resulted in less diathermic injury to the resection specimen compared with standard EMR. Reducing the diathermic injury to the peripheral margin of the specimen, where the histological analysis is at its most important, is a significant advantage of EMRC. A pure cutting current was used in this study to potentially minimize the amount of current injury to the tissue, without any significant immediate bleeding complications. Although tissue injury is inversely proportional to the size of the resection area, we did not find a correlation between size of resection specimens and degree of tissue injury [20] . While the use of different snares may account for the differing degrees of injury, it is likely that the mechanical forces from the use of suction in EMRC may decrease the amount of cautery and time required to resect the mucosa and account for this difference. As this is an animal experimental model, further studies on the effect of cautery on tissue pathology interpretation in humans are needed before recommendations for optimal cautery conditions in humans can be made.
Finally, although there was no significant difference between our three groups in the length of the procedure, we have noticed the superior ability of EMRC to successfully and safely retrieve the resected specimen without the need for a retrieval basket, forceps, or snare. Although, in this study, all resected specimens were retrieved undamaged, we have anecdotal clinical experience of damage to and fragmentation of resected specimens after standard EMR, which ultimately prevents satisfactory pathologic analysis.
Gastric EMRC is more technically effective than and as safe and easy as gastric standard EMR. Use of the cap, especially the larger cap, is associated with the larger and deeper mucosal resection compared with the standard snare EMR technique. Less diathermic injury of the resection specimen associated with EMRC makes the pathologic assessment of depth and margin involvement more reliable. When possible, EMRC should be the EMR method of choice.
